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Abstract
Optical activity of electromagnetic waves in a string inspired Kalb-
Ramond cosmological background is studied in presence of extra space-
time dimension. The Kalb-Ramond-electromagnetic coupling which
originates from the gauge anomaly cancelling Chern-Simons term in
a string inspired model, is explicitly calculated following Randall-
Sundrum braneworld conjecture. It is shown that the Randall-Sundrum
scenario leads to an enormous enhancement of the optical rotation
of a plane polarized electromagnetic wave propagating on the visible
brane.Absence of any experimental support in favour of such a large
rotation in astrophysical experiments on distant galactic radio waves
indicates an apparent conflict between Randall-Sundrum brane world
scenario and the presence of Kalb-Ramond antisymmetric tensor field
in the background spacetime.
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1 Introduction
Possibility of observing some experimental signature of String theory in the
present low energy world is a subject of interest for a long time.One of the
important testing arena is considered to be the Astrophysical/Cosmological
observations. Various massless modes of string theory, which are obviously
most relevant for the low energy world are expected to have some new ob-
servable effects on cosmic phenomena. Among the various massless modes,
the low energy field theory action of closed String theory has a second rank
antisymmetric tensor field known as Kalb-Ramond (KR) field Bµν . The cor-
rresponding KR fieldstrength Hµνλ = ∂[µBνλ] is modified by Chern-Simons
terms which originate from the requirement of quantum consistency namely,
the gauge anomaly and gravitational anomaly cancellation in the underlying
string theory. The Chern-Simons term for the U(1) gauge anomaly can-
cellation has been shown to play crucial role in preserving the U(1) gauge
symmetry in the resulting action and thereby providing with a gauge invari-
ant coupling between the KR and the electromagnetic field [1]. The resulting
gauge invariant coupling of the KR field to the Maxwell field allows us to
study the phenomenological effects of string theory on the propagation of
electromagnetic field in a KR background[2, 3, 4, 5, 6]. It turns out that
this leads to the optical activity of the electromagnetic wave passing through
such a space-time. In four dimension,this effect of optical activity has al-
ready been explored [4, 5] with different cases of space,time dependence of
the pseudoscalar field H (dual of the massless three form Hµνλ). However
experimental bounds on the optical activity implies that the H field must be
very weak so that it’s contribution to the obeserved activity in addition to
the usual Faraday rotation must be very low [7, 8].
As a possible explanation to this result it was shown that the effect of
extra dimension could be a possible reason for the suppression of the KR
field although the pure gravity sector and the KR field has identical coupling
in the pre-compactification scale. KR field being the massless mode of a
closed string is taken on the bulk alongwith the gravity. It has been explic-
itly shown [9] that in a higher dimensional framework of Randall-Sundrum
[10]scenario the massless mode of KR field in the visible brane is suppressed
by a large exponential warp factor. This motivates us to explore whether
the phenomenon of optical activity also suffers large suppression in a higher
dimensional scenario. For this one needs to study the effective coupling be-
tween the electromagnetic field and KR field ( arising from Chern-Simons
extension) after compactification.
In a string inspired model both the gravity and the KR field are massless
modes of closed strings and therefore are assumed to propagate in the bulk
while all the standard model fields are confined on the visible 3-brane.In a
subsequent section we shall take up a more general case where the U(1) elec-
tromagnetic field also propagates in the bulk. Possibility of such a scenario
in the context of a large internal dimension was considered earlier to explore
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various aspects of supersymmetry breaking [11]. Later it was generalized
for the braneworld model. There are various reasons to consider gauge field
entering into the bulk.To understand the geometric origin of the spectrum of
the fermion masses[12, 13, 14],to identify the Higgs as the extra-dimensional
component of the gauge fields(to protect it’s mass from correction)[15],to
provide a viable candidate for dark matter[16],to achieve high scale gauge
coupling unification[17, 18] and many other importent issues led to the model
of a bulk U(1) gauge field in a braneworld scenario.
2 Optical Activity in a KR background
In the proposed string inspired model adopted by us,the higher dimensional
extension of the low energy effective action for the gravity and electromag-
netic sectors in 5-dimension is given by,
S =
∫
d5x
√−g
[
R(g)− 1
4
FMNF
MN +
1
2
H˜MNLH˜
MNL
]
(1)
where H˜MNL = ∂[MBNL] +
1
3M
1
2
p
δµMδ
ν
Nδ
λ
LA[µFνλ] with each Latin index
running from 0 to 4 and Greek index running from 0 to 3. The second term
on the righthand side of this equation is the U(1)Chern-Simons term.
Assuming that the gauge field is confined on the visible 3-brane the above
low energy effective action for the gravity and KR field coupled to the U(1)
electromagnetic field reduces to
S =
∫
d5x
√−g
[
R(G) +
1
2
HMNLH
MNL
]
− 1
4
∫
d4x
√−gvisFµνF µν
+
1
3M
1
2
p
∫
d5x
√−gHMNLδMµ δNν δLλA[µF νλ]δ(φ− π) (2)
We have ignored the higher order Chern-Simons term because of extra Planck
mass suppression. It has been shown that in the case of four dimensional
scenario the KR-electromagnetic field coupling leads to the phenomena of
optical activity.
In a flat four dimensional background this rotation of the plane of polarization
[4] in terms of the comoving time η is given as,
(∆φ)mag = −hη/Mp (3)
h comes from the dual pseudoscalar field H defined through the duality
relation
Hµνλ = ǫµνλσ∂
σH (4)
where the solution for H is given as H = hη + h0. We shall like to empha-
size here that equ.(2) and equ.(4) together imply an axion-elctromagnetic
coupling which has emerged naturally from the requirement of the gauge
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anomaly cancellation in the underlying string theory. Thus such an axion
induced effects on electromagnetic field is a direct consequence of the require-
ment of quantum consistency of the full string theory.
The generalization of this optical activity with inhomogeneous Kalb-
Ramond field in a non-flat background has also been done in ref [5]. While
this axion induced optical rotation may be viewed as a possible explanation
of the additional small wavelength independent rotation of the plane of po-
larization of the electromagnetic wave from distant galaxies over the usual
Faraday rotation [7], a comparison with experimental data immediately im-
plies that the pseudoscalar field(dual to the 3 form KR field strength ) H
must couple very weakly to the electromagnetic field.
In another work[9] it has been shown that although in a higher dimen-
sional scenario the KR field and gravity have similar coupling at the Planck
scale, a compactification in Randall-Sundrum scenario suppresses the KR
field enormously on the visible 3-brane. In that scenario it was assumed that
like gravity KR field also resides in the bulk whereas the standard model
fields are confined on the visible 3-brane.
In this paper we explore whether a RS type of extra dimensional brane
world picture may lead to the suppression of KR field induced optical rotation
in the brane to a near invisibility.To startwith we take the elctromagnetic and
the other standard model fields to be confined in the visible 3-brane whereas
the gravity and KR field propagates in the bulk.Later we shall consider the
scenario where the U(1) gauge field also propagates in the bulk.
Optical activity in Randall-Sundrum scenario
In RS scenario in a five dimensional ADS spacetime, the fifth coordinate φ
is compactified on a S1/Z2 orbifold. Two branes namely the hidden brane
and the visible brane are located at the two orbifold fixed points 0 and
π respectively. It was shown that the corresponding background metric is
given as,
ds2 = e−2σηαβdx
αdxβ + r2cdφ
2 (5)
where σ = krc|φ| . Now consider the free electromagnetic part of the action
in eqn.(2),
Selectro = −1
4
∫
d4x
√−gvisgµαgνβFµνFαβ (6)
Assuming that the electromagnetic field to be confined on the flat visible
brane and noting that the
√−gvis = e−4krcpiand gµν = e2krcpi the above action
reduces to
Selectro = −
∫
d4xηµαηνβFαβFµν (7)
Similarly the 5-dimensional action corresponding to the Kalb-Ramond field
is given by
SH =
1
2
∫
d5x
√−gHMNLHMNL (8)
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where
√−g = e−4σrc. This action has KR gauge invariance δBMN = ∂[MΛN ].
We use the KR gauge fixing condition to set B4µ = 0. Therefore the
only non vanishing KR field components are Bµν where µ, ν runs from 0
to 3. These components are functions of both compact and non-compact
coordinates. One thus gets
SH =
1
2
∫
d4x
∫
dφrce
2σ(φ)
[
ηµαηνβηλγHµνλHαβγ − 3
r2c
e−2σ(φ)ηµαηνβBµν∂
2
φBαβ
]
(9)
Applying the Kaluza-Klein decomposition for the Kalb-Ramond field:
Bµν(x, φ) =
∞∑
n=0
Bnµν(x)χ
n(φ)
1√
rc
(10)
and demanding that in four dimension an effective action for Bµν should be
of the form
SH =
∫
d4x
∞∑
n=0
[
ηµαηνβηλγHnµνλH
n
αβγ + 3m
2
nη
µαηνβBnµνB
n
αβ
]
(11)
where Hnµνλ = ∂[µB
n
nuλ] and
√
3mn gives the mass of the nth KR mode,
one obtains
− 1
r2c
∂2χn
∂φ2
= m2nχ
ne2σ (12)
The χn(φ) field satisfies the orthogonality condition
∫
e2σ(φ)χm(φ)χn(φ)dφ = δmn (13)
Defining zn = e
σ(φ)mn/k the above equation reduces to[
z2n
d2
dz2n
+ zn
d
dzn
+ z2n
]
χn = 0 (14)
This has the solution
χn =
1
Nn
[J0(zn) + αnY0(zn)] (15)
The zero mode solution [9] of χ therefore turns out to be
χ0(φ) = C1|φ|+ C2 (16)
However the condition of self-adjointness leads to C1 = 0 and leaves the scope
of only a constant solution for χ0(φ).Using the normalization condition, one
finally obtains
χ0 =
√
krce
−krcpi (17)
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This result clearly indicates that the massless mode of the KR field is sup-
pressed by a large warp factor on the visible 3-brane. In a similar way we
now take the KR-EM interaction term
Sint =
1
3M
1
2
p
∫
d5x
√−gHMNLδMµ δNν δLλA[µF νλ]δ(φ− π) (18)
Following the same arguments as were given in the previous case,the inter-
action term reduces to
Sint =
rc
M
1
2
p
∫
d4x
∫
dφe2σδ(φ− π)ηµαηνβηλγHµνλ(x, φ)A[αFβγ] (19)
Integrating over the bulk coordinate φ , retaining only the massless modes
and using eq.(18) one obtains
Sint =
√
k
M p
rce
krcpi
∫
d4xHµνλ(x)A
[µF νλ] (20)
With these the KR-electromagnetic part of the action becomes
S = −1
4
∫
d4xFµνF
µν+
1
2
∫
d4xHµνλH
µνλ+
1
3
√
k
M p
rce
krcpi
∫
d4xHµνλA
[µF νλ]
(21)
It may be noted here that in the string inspired RS model our calculation
completely determines the KR-Maxwell coupling as is evident from the above
action.
Now varying with respect to Bµν and Aµ we obtain the following equations
∂α
[
Hαβγ +
√
k
M p
rce
krcpiA[αF βγ]
]
= 0 (22)
∂α
[
F αβ − 2
√
k
M p
rce
krcpiHαβγAγ
]
= −
√
k
M p
rce
krcpiHαβγFγα (23)
Replacing the massless three form Hαβγ by using the duality relation
Hαβγ = ǫαβγµ∂µH (24)
where H is the dual pseudo scalar axion, we find the modified Maxwell’s
equations as
∇ · E = 4
√
k
M p
rce
krcpi∇H ·B
∂0E−∇×B = 4
√
k
M p
rce
krcpi[∂0HB+∇H× E]
∇ ·B = 0
∂0B+∇×E = 0
(25)
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Now we consider the Bianchi identity of the KR field strength
ǫµνλσ∂σHµνλ = 0 (26)
This alongwith equ.(24) immediately implies that the pseudoscalar H satisfies
the massless Klein-Gordon equation ✷H = 0. In a flat four dimensional
spacetime H is only a function of comoving time co-ordinate η.As a result
the Klein-Gordon equation simply reduces to the d2H/dη2 = 0 which has
the solution H = hη+h0,where h and h0 are constants.Proceeding along the
lines of [4, 21],we arrive at the equation
d2b±
dη2
+ (p2 ∓ 4p
√
k
M p
rce
krcpih)b± = 0 (27)
Where we have decomposed B = b(η)eip·x and have chosen the z-direction
as the propagation direction of the electromagnetic wave, p being the wave
vector.The circular polarization states are defined by b± = bx ± iby. So from
equ.(27) the optical activity due to the KR field is given by,
(∆φ)mag ≡ 1
2
(φ+ − φ−) = −2
√
k
M p
rce
krcpihη. (28)
Comparing with our previous result of the optical rotation in four dimen-
sional spacetime we find that Randall-Sundrum scenario causes an enormous
enhancement of the optical rotation in the visible brane although the field H
itself gets suppressed by the warp factor.
3 Coupling betweeen the bulk U(1) gauge field
and the Kalb-Ramond field in RS Scenario
Let us now focus our attention to the RS scenario with the electromagnetic
gauge field in the bulk. In this case the action for a bulk electromagnetic
gauge field is given as [22]
Sgauge = −1
4
∫
d5x
√−gFMNFMN (29)
where
√−g = rce−4σ(φ). After RS compactification,
Sgauge = −1
4
∫
d4x
∫
dφ
[
rcη
µαηνβFαβFµν − 2
rc
ηµαAα∂
2
φ(e
−2σAµ)
]
(30)
Next,we consider Kaluza-Klein decomposition for the U(1) gauge field Aµ
which is function of both x and φ:
Aµ(x, φ) =
∞∑
n=0
Aµ(x)
χn(φ)√
rc
(31)
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In terms of four dimensional field Aµ(x),an effective action of the form
Sgauge = −1
4
∫
d4x
∞∑
n=0
[
ηµαηνβF nαβF
n
µν + 2m
2
nη
µνAnµA
n
ν
]
(32)
can be obtained provided
− 1
r2c
∂2(e−2σχm)
∂φ2
= m2nχ
m (33)
alongwith the orthogonality condition∫
dφχn(φ)χm(φ) = δnm (34)
where
√
2mn gives mass of the nth mode of the gauge field. In this case we
have assumed that A4 is a Z2 odd function of the extra dimension and have
used the gauge degree of freedom to choose A4 = 0. The gauge invariant
equation
∫
d4xA4 = 0 follows automatically from Z2 odd condition. We have
also used the Lorentz gauge condition ηµν∂µA
n
ν = 0 .
Now in terms of zn =
mn
k
eσ and yn = e
−σχn, one may recast the above
equation in the form[
z2n
d2
dz2n
+ zn
d
dzn
+ (z2n − 1)
]
yn = 0 (35)
The above equation admits of the solution:
χn =
eσ
Nn
[J1(zn) + αnY1(zn)] (36)
This yields the zero mode solution
χ0 =
1√
2π
(37)
Earlier we got the zero mode solution for the KR field
ξ0 =
√
krce
−krcpi (38)
Now in this scenario we again consider the interaction term
Sint =
1
3M
3
2
p
∫
d5x
√−gHMNLA[MFNL] (39)
Choosing the gauge condition B4µ = 0 and using the explicit form of the RS
metric, we find
Sint =
1
3M
3
2
p
∫
d4x
∫
dφ
[
e2σrcη
µαηνβηλγHµνλA[αFβγ] +
6
rc
ηµαηνβ(∂φBµν)Aβ(∂φAα)
]
(40)
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Now using the Kaluza-Klein decomposition for both the fields as mentioned
earlier,one obtains
Sint =
1
3M
3
2
p
∫
d4x
∫
dφ[e2σ
1√
rc
∞∑
n,m,l=0
ξnχmχlηµαηνβηλγHnµνλA
m
[αF
l
βγ]
+
6
r
5
2
c
∞∑
n,m,l=0
(∂φξ
n)χm(∂φχ
l)ηµαηνβBnµνA
m
αA
l
β]
(41)
Using eqn.(38) and (39), the part of the above action containing the massless
modes only is given as
Sint =
1
3M
3
2
p
∫
d4x
∫
dφ
e2σ√
rc
ξ0(χ0)2HµνλA
[µF νλ] (42)
Where ξ0 =
√
krce
−krcpi , χ0 = 1
2pi
and Aµ = ηµνAν .
So the KR-EM part of the 4d effective action (without the curvature term)
becomes
Seff =
∫
d4x
[
−1
4
F µνFµν +
1
2
HµνλHµνλ +
C
3
HµνλA[µFνλ]
]
(43)
where C =
√
k
M3
p
ekrcpi.
We have thus explicitly determined the KR-Maxwell coupling in the pro-
posed string inspired RS scenario.
By varying the Bµν and Aµ as done in the previous section, we get the corre-
sponding field equation for Bµν and the set of modified Maxwell’s equations.
From these equations the angle of optical rotation in this case turns out to
be
(∆φ)mag = −
√√√√ 2k
M3p
ekrcpihη (44)
Once again we find that there is an enormous enhancement in the optical
rotation by a large exponential warp factor. We therefore find that for both
the cases of bulk gauge field as well as the gauge field confined in the visi-
ble brane , a plane polarized electromagnetic wave will suffer an enormous
optical rotation if our four dimensional world is an effective picture of a five
dimensional Randall-Sundrum brane world. Interestingly quite in contrary
to our expectation, this enhancement takes place inspite of the fact that the
massless mode of the KR field suffers large suppression on the visible brane
as shown in ref.[9]. No such large rotation has ever been reported in any
astrophysical experiments. To make this result consistent with experiment
one needs to finetune the value of h to an extremely small value which would
render the theory unnatural. This in a sense will bring back the old nat-
uralness problem that we already have in connection with the stabilization
of the Higg’s mass and as a remedy of which the Randall-Sundrum scenario
9
was originally proposed.
We thus conclude that if one believes in a string inspired cosmological model
where the second rank antisymmetric tensor field is essentially present in
the background then the U(1) gauge anomaly cancelling Chern-Simons term
results into a coupling between the KR and the electromagnetic field leading
to optical rotation of plane of polarization of the distant galactic radiation.
However if one simultaneously considers a Randall-Sundrum type of brane
world model to compactify one extra dimension then it is hard to explain
the apparent anomaly between the theoretically predicted large value of the
wavelength independent optical rotation and the corresponding small experi-
mental value of this rotation measured in the context of distant galactic radio
waves [7]. The implications of the results reported in this work may also be
studied in the context of observed CMB anisotropy.
One may try to explore the effect of the radion field on the KR field in-
duced optical rotation for a possible suppression in it’s value. It is also well
known that the breakdown of supersymmetry may result into generation of
mass for the scalar axion which in turn may make their experimental sig-
nature unobservable. However among large class of possible vacua of string
theory we still have not been able to resolve that how and why a particular
vacuum is chosen and the supersymmetry is broken. Nature of the scalar
axion potential does depend on the geometry of the compact manifold as
well as on the exact mechanism of supersymmetry breaking. Generation of
the axion mass is therefore still not well understood. The result reported
in this work may however serve as an indirect clue to this problem by con-
straining the compactification scheme as well as supersymmetry breaking so
that it may result into a significant axion mass and thereby making the re-
sulting optical rotation practically invisible from such a large value to make
it consistent with observation. So far there is no proper understanding in
this direction in the domain of string thoery. However in this work we find
an undeniable conflict between the RS braneworld picture and the presence
of antisymmetric tensor field in the background spacetime.
One of us (SSG) thanks I.Antoniadis, F.W.Hehl, M.Kamionkowski and
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